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(57) ABSTRACT

A battery pack and a liquid leakage detection method thereof
are provided. The battery pack comprises a plurality of bat-
tery cells, a isolated liquid and a battery box containing the
isolated liquid. The battery cells are soaked in the isolated
liquid. The battery box comprising a box body and a cover
plate. The isolated liquid is a fire-retardant and insulating
liquid that has a specific gravity smaller than an electrolyte
and is insoluble in the electrolyte. A collection portion is
disposed at the bottom of the battery box, and a detection
component is disposed in the collection portion. The present
disclosure encloses the leaked electrolyte in the fire-retardant
isolated liquid and uses the detection component to detect a
resistance value of the isolated liquid so as to improve the
safety of the box body.

11 Claims, 2 Drawing Sheets
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BATTERY PACK AND LIQUID LEAKAGE
DETECTION METHOD THEREOF

FIELD OF THE INVENTION

The present disclosure relates to a battery pack, and further
relates to a liquid leakage detection method of a battery pack.

BACKGROUND OF THE INVENTION

Currently, battery-driven electric vehicle and electric buses
are gradually replacing conventional vehicle and buses. bat-
tery cells act as a main energy storage device in an electric
vehicle. A battery box, as a device for containing the battery
cells, is a key component of the electric vehicle, and has a
direct influence on the performance of the battery cells and
thus on the performance of the electric vehicle. As lithium-ion
power batteries have advantages such as the excellent power
output performance and a long service life, they have been
widely applied in the electric vehicle

The battery cells, as a main energy storage device in the
electric vehicle, is generally consists of a plurality of batteries
connected in series or in parallel. The batteries may be subject
to liquid leakage after being used for a period of time due to
defects or unreasonable installation and fixation structures of
the batteries. The leaked electrolyte is a flammable organic
material, and is easy to ignite due to sparks or electrostatic
discharges when being exposed to the air. This will reduce the
safety of the battery pack and endanger the vehicle.

The conventional practice is to detect the liquid leakage
through gas detection. The detection principle is generally as
follows: due to the battery box is a relatively hermetic space,
some gases are often formed and released when the electro-
lyte is leaked from the battery pack, and these gases can be
detected by a gas detector. If these gases are detected by the
detector, it represents that an accident of leakage occurs to the
battery pack. However, this detection method has some short-
comings: 1. the gas detector is relatively expensive, and can-
not deliver a good detection effect when the concentration of
the gases is relatively low; and 2. the gas detector cannot work
effectively until the gases in the battery box reach a certain
concentration and, at this time, a relatively large amount of
the electrolyte has been leaked. Because the flammable elec-
trolyte is exposed to the air, this make accidents of fires and
combustion likely to occur.

SUMMARY OF THE INVENTION

An objective of the present disclosure is to provide a safer
battery pack and a liquid leakage detection method of a bat-
tery pack.

To achieve the aforesaid objective, the present disclosure
provides a battery pack, which comprises a plurality of bat-
tery cells, a isolated liquid and a battery box containing the
isolated liquid. The battery cells are soaked in the isolated
liquid. The battery box comprising a box body and a cover
plate. Electrical connection components are disposed in the
battery pack. The isolated liquid is a fire-retardant and insu-
lating liquid that has a specific gravity smaller than an elec-
trolyte and is insoluble in the electrolyte. The electrical con-
nection components are soaked in the isolated liquid. The
battery cells are placed upside down. A support frame and a
collection portion are disposed at the bottom of the battery
box. The support frame supports the battery cells overhead.
At least one detection component is disposed in the collection
portion. The detection component is one or more of a con-
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ductivity sensor, a PH value sensor, a fluorion selective elec-
trode and a liquid-level refraction sensor.

Preferably, the isolated liquid is one or both of silicone oil
and transformer oil.

Preferably, the collection portion is V-shaped or U-shaped,
and a recess is formed at a V-shaped or U-shaped bottom of
the collection portion.

To achieve the aforesaid objective, the present disclosure
further provides a battery pack, which comprises battery
cells, a isolated liquid and a battery box containing the iso-
lated liquid. The battery cells are soaked in the isolated liquid.
The battery box comprising a box body and a cover plate.
Electrical connection components are disposed in the battery
pack. The isolated liquid is a fire-retardant and insulating
liquid that has a specific gravity smaller than an electrolyte
and is insoluble in the electrolyte. A collection portion is
disposed at the bottom of the battery box, and a detection
component is disposed in the collection portion.

When electrolyte leakage occurs to any of the battery cells,
the electrolyte sinks to the collection portion of the battery
box because the electrolyte has a larger specific gravity than
the isolated liquid, and the detection component detects the
leaked electrolyte and sends a feedback signal.

“The battery cells are soaked in the isolated liquid” means
that the battery cells are partially or completely soaked in the
isolated liquid.

Preferably, the electrical connection components are
soaked in the isolated liquid. The electrical connection com-
ponents include a relay, a connection copper sheet, a current
collector and/or other components for connecting the battery
pack. The term “immersing” means that the electrical con-
nection components are completely merged in the isolated
liquid.

Preferably, the isolated liquid is one or both of silicone oil
and transformer oil. The two materials are preferred because
of' more stable fire-retardant and insulating properties thereof
as compared to other liquids.

Preferably, the battery cells are placed upside down, and a
support frame is disposed at the bottom of the battery box to
support the battery cells overhead. “Disposing a support
frame at the bottom of the battery box to support the battery
cells overhead” means supporting electrode tabs of the bat-
tery cells overhead within the battery box to prevent the
electrode tabs from contacting with the bottom surface of the
battery box and from being pressed down by the support
frame. “Placing the battery cells upside down” means dispos-
ing the battery cells with the electrodes thereof facing down-
wards. In this way, less isolated liquid can be used to immerse
the electrodes therein. The term “immersing” used herein
refers to merging the electrodes in the isolated liquid com-
pletely.

“The battery cells are soaked in the isolated liquid” means
that the battery cells are partially or completely soaked in the
isolated liquid.

Preferably, a bottom surface of each of the battery cells is
fixed to the cover plate so that the battery cells can be fixed
more securely.

Preferably, the detection component is one or more of a
conductivity sensor, a PH value sensor, a fluorion selective
electrode and a liquid-level refraction sensor. Any sensor may
be used so long as it can give a feedback upon contacting with
the electrolyte.

Preferably, the collection portion is V-shaped or U-shaped
or in other forms which make it convenient to collect liquids.

Preferably, a recess is formed at a V-shaped or U-shaped
bottom of the collection portion. The V-shaped bottom
formed with the recess or the U-shaped bottom formed with
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the recess can collect the leaked clectrolyte more easily
because the electrolyte falls and is converged into the recess
under the action of the gravity.

Furthermore, some measures may also be taken at the
collection portion so that the electrolyte can be converted into
a signal that can be measured more easily (e.g., water may be
stored to react with the electrolyte to generate an acid, or a
color indicator may be added). More kinds of detectors may
be used for detection.

The present disclosure further provides a liquid leakage
detection method of a battery pack. The battery pack is the
aforesaid battery pack. The liquid leakage detection method
of'a battery pack comprises the following steps of: immersing
the battery cells and the electrical connection components in
the isolated liquid, and collecting the electrolyte having a
larger specific gravity than the isolated liquid by the collec-
tion portion; detecting a real-time resistance value of the
isolated liquid by the detection component; and prompting a
driver for maintenance and replacement when the electrolyte
is collected by the collection portion and the detection com-
ponent detects that the real-time resistance value is smaller
than a preset threshold.

Preferably, the isolated liquid is one or both of silicone oil
and transformer oil; the detection component is one or more
of'a conductivity sensor, a PH value sensor, a fluorion selec-
tive electrode and a liquid-level refraction sensor; and the
collection portion is V-shaped or U-shaped.

Through the solutions of the present disclosure, the leaked
electrolyte can be enclosed in the fire-retardant isolated liquid
so that the electrolyte is prevented from contacting with the
air and thus cannot be combusted even at a high temperature
s0 as to avoid risks; detecting at the first time whether liquid
leakage occurs to any of the battery cells in the battery box
and sending an alert can improve the safety of the battery box;
and immersing the electrical components into the isolated
liquid can prevent the electrical components from contacting
with the air to be aged or combusted.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic structural view of a V-shaped bottom
of a battery box;

FIG. 2 is an exploded view of the battery box;

FIG. 3 is a schematic structural view of a U-shaped bottom
of the battery box; and

FIG. 4 is a flowchart diagram of a liquid leakage detection
method of a battery pack according to an embodiment of the
present disclosure.

DETAILED DESCRIPTION OF THE INVENTION

Hereinbelow, embodiments of the present disclosure will
be described in detail with reference to the attached drawings.

Embodiment 1

As shown in FIG. 1 and FIG. 3, a battery box 3 comprising
a box body 32 and a cover plate 31, and a battery pack is
soaked in a isolated liquid 2. The battery pack may be par-
tially soaked in the isolated liquid 2 and may also be com-
pletely soaked in the isolated liquid 2; however, all of heating
components and easy-to-leak components in the battery box
must be merged in the isolated liquid 2. battery cells 1 are
placed in the box body 32, and are connected in series or in
parallel to form a battery module. The battery cells are placed
upside down in the battery box 3 with a surface where elec-
trodes of the battery cells 1 are located facing the bottom of
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the battery box 3; i.e., the battery cells 1 are disposed upside
down. Inthis case, a bottom surface of each of the battery cells
11s fixed to the cover plate 31. The battery cells 1 are partially
or completely soaked in the isolated liquid 2, the battery cells
1 are placed upside down, and the “Placing the battery cells 1
upside down” means disposing the battery cells 1 with the
electrodes thereof facing downwards. In this way, less iso-
lated liquid 2 can be used to immerse the electrodes therein.

As shown in FIG. 2, a support frame 6 is disposed on the
surface where the electrodes 11 of the battery pack are located
(i.e., disposed at the bottom of the battery box 3) to support
the whole battery pack and support the battery cells 1 over-
head. A collection portion 4 at the bottom of the box body 32
is a V-shaped bottom of the box body that is in a funnel form.
The electrolyte and silicone oil have different densities and
are insoluble in each other, the electrolyte is a good electric
conductor, and the isolated liquid 2 used in this embodiment
is a poor electric conductor. Therefore, when liquid leakage
occurs to a battery in the battery box 3, the battery cells will
not be short-circuited due to the electrolyte. Electrical con-
nection components 12 are disposed in the battery pack, the
electrical connection components 12 are soaked in the iso-
lated liquid 2. The electrical connection components 12
include a relay, a connection copper sheet, a current collector
and/or other components for connecting the battery pack, and
the term “immersing” means that the electrical connection
components 12 are completely merged in the isolated liquid
2.

The isolated liquid 2 in this embodiment is preferably
silicone oil, which is an insulating and fire-retardant liquid
having a density of about 0.95 kg/L.. The electrolyte has a
density of about 1.5 kg/L. The silicone oil and the electrolyte
are two kinds of liquids which are insoluble in each other or
cannot react with each other. Therefore, if the electrolyte
leaks from a battery in the battery box, the electrolyte will
sink to the bottom of the silicone oil and will be thus isolated
from the air to be protected from igniting due to sparks to
cause risks. Of course, in other embodiments, it is also pos-
sible to use transformer oil, or use both the silicone oil and the
transformer oil.

Meanwhile, an electrolyte collection device capable of
collecting the electrolyte is designed at the bottom end of the
battery box so that the liquid leaked from any of the batteries
can be collected to a concentrating location at the bottom of
the battery box. Meanwhile, the battery box is installed in a
vehicle, and the silicone oil will flow in the box body when
being exposed to continuous vibration, acceleration or decel-
eration, or subjected to other forces. Moreover, the electrolyte
has a larger specific gravity than the silicone oil, so the leaked
electrolyte will naturally fall under the influence of the grav-
ity. Therefore, if liquid leakage occurs to a battery in the
battery box of the vehicle, then most of the leaked electrolyte
will be collected to the V-shaped bottom of the box body no
matter where the liquid leakage occurs. Specifically, the
leaked electrolyte can be collected to a recess formed at the
V-shaped bottom.

A detection component 5 (e.g., a conductivity sensor, a
fluorion selective electrode, a PH value sensor, a liquid-level
refraction sensor or the like) capable of detecting different
properties of two liquids is installed at the concentrating
location. In this embodiment, the detection component 5 is
preferably a conductivity sensor. For the normal battery box
without liquid leakage, a resistance value detected by the
conductivity sensor is relatively large because silicone oil is a
poor electric conductor. When the electrolyte leaks from a
battery in the battery box, the electrolyte is accumulated into
the collection portion disposed at the bottom of the battery
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box and is detected by the detection component disposed in
the collection portion. Specifically, the electrolyte is accumu-
lated to a location in the electrolyte collection device where
the conductivity sensor is installed. Because the electrolyte is
a good electric conductor, the resistance value detected is
decreased. When the resistance value is detected to be smaller
than a threshold, an alarm signal is sent by the conductivity
sensor to a vehicle control system and is displayed by an
instrument panel. Thereby, the driver can be informed of
whether there is a problem with the battery so as to carry out
maintenance and replacement in time and reduce the possi-
bility of occurrence of risks.

Embodiment 2

As shown in FIG. 3 and FIG. 4, a battery box 3 comprising
a box body 32 and a cover plate 31, and a battery pack is
soaked in a isolated liquid. battery cells 1 are placed in the box
body 32, and are connected in series or in parallel to form a
battery module. The battery cells are placed upside down in
the battery box 3 with a surface where electrodes of the
battery cells 1 are located facing the bottom of the battery box
3.

As shown in FIG. 2, a support frame 6 is disposed on the
surface, where the electrodes 11 of the battery pack are
located, to support the whole battery pack. A collection por-
tion 4 at the bottom of the box body 32 is a U-shaped bottom
of'the box body that is in a funnel form. “Disposing a support
frame at the bottom of the battery box 3 to support the battery
cells 1 overhead” means supporting electrode tabs of the
battery cells 1 overhead within the battery box 3 to prevent the
electrode tabs from contacting with the bottom surface of the
battery box 3 and from being pressed down by the support
frame. The electrolyte and silicone oil have different densities
and are insoluble in each other, the electrolyte is a good
electric conductor, and the isolated liquid 2 used in this
embodiment is a poor electric conductor. Therefore, when
liquid leakage occurs to a battery in the battery box 3, the
battery cells will not be short-circuited due to the electrolyte.

The isolated liquid 2 in this embodiment is preferably
silicone oil, which is an insulating and fire-retardant liquid
having a density of about 0.95 kg/L.. The electrolyte has a
density of about 1.5 kg/L. The silicone oil and the electrolyte
are two kinds of liquids which are insoluble in each other or
cannot react with each other. Therefore, if the electrolyte
leaks from a battery in the battery box, the electrolyte will
sink to the bottom of the silicone oil and will be thus isolated
from the air to be protected from igniting due to sparks to
cause risks.

Meanwhile, an electrolyte collection device capable of
collecting the electrolyte is designed at the bottom end of the
battery box so that the liquid leaked from any of the batteries
can be collected to a concentrating location at the bottom of
the battery box. Meanwhile, the battery box is installed in a
vehicle, and the silicone oil will flow in the box body when
being exposed to continuous vibration, acceleration or decel-
eration, or subjected to other forces. Moreover, the electrolyte
has a larger specific gravity than the silicone oil, so the leaked
electrolyte will naturally fall under the influence of the grav-
ity. Therefore, if liquid leakage occurs to a battery in the
battery box of the vehicle, then most of the leaked electrolyte
will be collected to the U-shaped bottom of the box body no
matter where the liquid leakage occurs. Specifically, the
leaked electrolyte can be collected to a recess formed at the
U-shaped bottom.

A detection component 5 (e.g., a conductivity sensor, a
fluorion selective electrode, a PH value sensor, a liquid-level
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refraction sensor or the like) capable of detecting different
properties of two liquids is installed at the concentrating
location. In this embodiment, the detection component 5 is
preferably a conductivity sensor. For the normal battery box
without liquid leakage, a resistance value detected by the
conductivity sensor is relatively large because silicone oil is a
poor electric conductor. When liquid leakage occurs to a
battery in the battery box, the electrolyte is accumulated to a
location in the electrolyte collection device where the con-
ductivity sensor is installed. Because the electrolyte is a good
electric conductor, the resistance value detected is decreased.
When the resistance value is detected to be smaller than a
threshold, an alarm signal is sent by the conductivity sensor to
a vehicle control system and is displayed by an instrument
panel. Thereby, the driver can be informed of whether there is
aproblem with the battery so as to carry out maintenance and
replacement in time and reduce the possibility of occurrence
of risks.

Embodiment 3

Referring to FIG. 4, the battery pack in this embodiment
may be the battery pack described in the aforesaid embodi-
ments. A liquid leakage detection method of a battery pack in
this embodiment comprises, but is not limited to, the follow-
ing steps of:

step S400: immersing the battery cells and the electrical
connection components in the isolated liquid, and collecting
the electrolyte having a larger specific gravity than the iso-
lated liquid by the collection portion;

step S401: detecting a real-time resistance value of the
isolated liquid by the detection component; and

step S402: prompting a driver for maintenance and replace-
ment when the electrolyte is collected by the collection por-
tion and the detection component detects that the real-time
resistance value is smaller than a preset threshold. Specifi-
cally in the step S402, the preset threshold may be set depend-
ing on actual needs; e.g., to take corresponding measures
against the problem in time, the preset threshold may be set to
be a small value to prevent occurrence of accidents.

As described above, the isolated liquid of this embodiment
is one or both of silicone oil and transformer oil; the detection
component of this embodiment is one or more of a conduc-
tivity sensor, a PH value sensor, a fluorion selective electrode
and a liquid-level refraction sensor; and the collection portion
of this embodiment is V-shaped or U-shaped. Furthermore,
for the implementation of this embodiment, please also refer
to the related description of the aforesaid embodiments. This
can be readily understood by people skilled in the art and thus
will not be further described herein.

What we claimed are:

1. A battery pack, comprising a plurality of battery cells, an
isolated liquid and a battery box containing the isolated lig-
uid, the battery cells being soaked in the isolated liquid, the
battery box comprising a box body and a cover plate, and
electrical connection components being disposed in the bat-
tery pack, wherein the isolated liquid is a fire-retardant and
insulating liquid that has a specific gravity smaller than an
electrolyte and is insoluble in the electrolyte, the electrical
connection components are soaked in the isolated liquid, the
battery cells are placed upside down, a support frame and a
collection portion are disposed at the bottom of the battery
box, the support frame supports the battery cells overhead, a
detection component is disposed in the collection portion, and
the detection component is one or more of a conductivity
sensor, a PH value sensor, a fluorion selective electrode and a
liquid-level refraction sensor.
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2. The battery pack of claim 1, wherein the isolated liquid
is one or both of silicone oil and transformer oil.

3. The battery pack of claim 1, wherein the collection
portion is V-shaped or U-shaped, and a recess is formed at a
V-shaped or U-shaped bottom of the collection portion.

4. A battery pack, comprising a plurality of battery cells, an
isolated liquid and a battery box containing the isolated lig-
uid, the battery cells being soaked in the isolated liquid, the
battery box comprising a box body and a cover plate, and
electrical connection components being disposed in the bat-
tery pack, wherein the isolated liquid is a fire-retardant and
insulating liquid that has a specific gravity smaller than an
electrolyte and is insoluble in the electrolyte, a collection
portion is disposed at the bottom of the battery box, and a
detection component is disposed in the collection portion.

5. The battery pack of claim 4, wherein the electrical con-
nection components are soaked in the isolated liquid.
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6. The battery pack of claim 4, wherein the isolated liquid
is one or both of silicone oil and transformer oil.

7. The battery pack of claim 4, wherein the battery cells are
placed upside down, and a support frame is disposed at the
bottom of the battery box to support the battery cells over-
head.

8. The battery pack of claim 4, wherein a bottom surface of
each of the battery cells is fixed to the cover plate.

9. The battery pack of claim 4, wherein the detection com-
ponent is one or more of a conductivity sensor, a PH value
sensor, a fluorion selective electrode and a liquid-level refrac-
tion sensor.

10. The battery pack of claim 4, wherein the collection
portion is V-shaped or U-shaped.

11. The battery pack of claim 10, wherein a recess is
formed at a V-shaped or U-shaped bottom of the collection
portion.



